The fruiting body of Ganoderma (G.) lucidum (Reishi in Japanese) is a well known Chinese crude drug which has been used clinically in East Asia and gives much attention as a home remedy. Over one hundred highly oxygenated and pharmacologically active lanostane-type triterpenoids have been isolated from the fruiting bodies and the mycelium of G. lucidum.
ganoderic acid C2 (8), 13) which had previously been isolated from the same mushroom, by comparison with the reported data.
Ganoderic acid g (1) was obtained as colorless needles (MeOH-H 2 O), mp 243-245°C, with a positively optical rotation ([a] D ϩ156°). The ultraviolet (UV) absorbance at 252 nm (log e 3.82) and infrared (IR) band at 1660 cm Ϫ1 suggested the presence of a conjugated carbonyl group. The high-resolution electron impact mass (HR-EIMS) spectrum revealed the molecular formula of 1 to be C 30 Table 2 ). On the basis of spectroscopic evidence by 1 H-1 Hcorrelation spectroscopy (COSY) and HMQC experiments, all protons and carbons were assigned as shown in Tables 1  and 2 , respectively. These 1 H-and 13 C-NMR spectral data indicated a highly oxygenated lanostane-type triterpene close to the structure of ganoderic acid A (9), 1) isolated from the same mushroom, except for those of C-22 to C-27. The higher-field shifts of C-22, C-23, C-26 and C-27 by 6.8, 142.5, 6.3 and 4.3 ppm, respectively, and the lower-field shifts of C-24 and C-25 by 96.4 and 93.8 ppm, respectively, compared with those of 9 suggested that an allylic alcohol group may be located at C-23-25 in the side chain. The presence of the allylic alcohol group in the side chain of 1 supported by prominent fragment ions at m/z 401 [e] ϩ , 359 [a] ϩ and 157 [b] ϩ corresponding to a loss of the side chain molecule in the EIMS spectrum (Fig. 1) , due to the successive losses of 18 mass units, indicated the presence of three hydroxyl groups.
The connectivities of 1 were established by interpretation of the significant heteronuclear multiple bond correlation (HMBC) spectrum. Correlations among the signals H-5 and C-3/C-7/C-9; H 3 -28/H 3 -29 and C-3; H 2 -6 and C-8; H 3 -19 and C-9; and H 2 -12 and C-11, confirmed that the positions of ke- tone and hydroxyl, and a,b-unsaturated carbonyl groups were at C-3 and C-7, and C-8, C-9 and C-11, respectively (Fig. 2) (Fig. 2) . The configuration of the double bond at C-24 and C-25 was confirmed to be an E form by 1 H-NMR chemical shift of H-24 (d H 6.61), which resembles those of tiglic acid 32) and ganoderic acids U-Z. 33) Determination of the absolute configuration at C-23 was examined by a modification of Mosher's method. H-NMR spectrum of (S)-(Ϫ)-MTPA ester (1b), proton signals assigned for H-20, H 3 -21 and H 2 -22 were observed at a higher-field than those in the (R)-(ϩ)-MTPA ester (1a), while signals due to H-24 and H 3 -27 in the former ester were shifted to a lower-field than those in the latter ester (Fig. 3) . Therefore, the absolute configuration at C-23 was concluded to be 23S. Consequently, the structure of 1 was determined as Ganoderic acid d (2) was isolated as white amorphous powder, [a] D ϩ160°, and possessed the same molecular formula as that of 1, HR-EIMS. Its UV and IR spectra exhibited absorptions at 252 nm (log e 3.70) and 1657 cm
Ϫ1
, ascribable to a conjugated ketone. The 1 H-and 13 C-NMR spectra of 2 were quite similar to those of 1. Careful examination of the spectral data, however, revealed several significant differences. The most noticeable change were higher-field shifts of H-7 (d (Tables 1  and 2 ). In the HMBC spectrum of 2, long-range correlations were also similar to those of 1 (Fig. 2) . A detailed comparison of spectral data of 1 and 2 with ganoderic acid A (9) and B8 (10) 13) showed that 2 was a stereoisomer of 1 with regard to a hydroxyl group at C-7. This was further supported by a NOESY experiment, which showed NOE correlations between H-7 and H 3 -19/H 3 -29, and H-15 to H 3 -18 ( Fig. 2) . The configurations of C-23 and C-24 were assigned as 23S and 24E on the basis of the proton and carbon signals of the side chain moiety (C-20-27), which were very similar to those of 1. Consequently, the structure of 2 was determined to be (23S)-7a ,15a ,23-trihydroxy-3,11-dioxolanosta-8,24(E)-diene-26-oic acid.
Ganoderic acid e (3) was also obtained as colorless needles (MeOH-H 2 O) of mp 249-251°C. The molecular formula was determined as C 30 (Fig. 2) . Furthermore, the proton and carbon signals in 3 were also superimposable on those of ganoderic acid B (11), 1) except for the signals due to the side chain moiety (C-20-27), where the former possesses an allylic alcohol group at C-23-25 and the latter possesses an isolated carbonyl group.
The b orientation of hydroxyl groups at C-3 and C-7 was deduced from the multiplicities of H-3 (d H 3.16, dd, Jϭ11.2, 5.0 Hz) and H-7 (d H 4.84, t, Jϭ9. 4 Hz) . This was further confirmed by NOE correlations observed between H-3 and H-5 and between H-5 and H-7 in the NOESY spectrum (Fig. 2) . For determination of absolute configuration at C-23, 3 was treated with (R)-(ϩ)-and (S)-(Ϫ)-MTPA chloride to give 3,23-di-(R)-(ϩ)-MTPA ester (3a) and 3,23-di-(S)-(Ϫ)-MTPA ester (3b), respectively. The chemical shift difference of 3a and 3b were observed in the same direction as 1a and 1b in the 1 H-NMR spectrum (Fig. 3) . Consequently, the absolute configuration at C-23 in 3 was assigned as 23S. The structure of 3 was established as (23S)-3b,7b,23-trihydroxy-11,15-dioxolanosta-8,24(E)-diene-26-oic acid.
Ganoderic acid z (4) was isolated as colorless needles (MeOH-H 2 O), mp 143-145°C. Its IR spectrum exhibited absorption bands due to a five-membered carbonyl (1747 cm
) and a,b-unsaturated carbonyl (1698 cm Ϫ1 ) groups, and the UV spectrum showed an absorption at (Fig.  2) . The carbon signals at d C 146.8 and 151.8 assigned as C-8 and C-9 correlated with H 3 -30 and H 3 -19 methyl protons, respectively, in the HMBC spectrum. The carbon signal of C-8 was more shielded than that of C-9. The configuration of a hydroxyl group at C-3 was assigned as b on the basis of multiplicity (d H 3.22, dd, Jϭ10. 8, 6.3 Hz) . The configurations of C-23 and C-24 were assigned as 23S and 24E on the basis of NMR data, which were similar to those of 3. Ganoderic acid z (4) was accordingly determined as (23S)-3b,23-dihydroxy-7,11,15-trioxolanosta-8,24(E)-diene-26-oic acid.
Ganoderic acid h (5) 13 C-NMR spectrum analyzed by means of the HMQC spectrum. The signals of C-12 and C-13 were shifted to the lower-field by 27.0 and 5.3 ppm, respectively, and the signal due to C-18 was shifted to the higher-field by 5.7 ppm, compared with the corresponding signals in 3. This was confirmed by the HMBC correlations observed between signals of H 3 -18 and C-12, and those of H-12 and C-11 (Fig. 2) .
The b-configuration of a hydroxyl group at C-12 was inferred from NOE correlations observed between H-12 (d 4.40) and H 3 -30 (d 1.43) in the NOESY spectrum. The absolute stereochemistry at C-23 was determined by a modification of Mosher's method. The signals due to H-20, H 3 -21 and H 2 -22 in 3,23-di-(S)-(Ϫ)-MTPA ester (5b) were observed at higher fields, compared to those of 3,23-di-(R)-(ϩ)-MTPA ester (5a), while the signals due to H-24 and H 3 -27 in 5b were observed at lower-fields (Fig. 3) . Thus, the absolute configuration at C-23 was assigned to be S. The structure of 5 was determined as (23S)-3b,7b,12b,23-tetrahydroxy-11,15-dioxolanosta-8,24(E)-diene-26-oic acid.
Ganoderic acid q (6) was obtained as yellow needles (MeOH-H (Table 1) ; this suggested the presence of a 7-oxo group in 6, instead of a 7-hydroxyl group in 5. It was supported by 13 C-NMR spectrum evidence that signals due to C-6 and C-7 (d 9.9 and 133.3, respectively) shifted to the lower-field, reflecting the structural change in ring B. Furthermore, the HMBC spectrum showed correlation peaks between H-5 and C-7/C-9; H 2 -6 and C-8; and H 3 -19 and C-9, which led to the conclusion that the structure of 6 was (23S)-3b,12b,23-trihydroxy-7,11,15-trioxolanosta-8,24(E)-diene-26-oic acid.
Ganolucidic acid D (7) was isolated from the fruiting body of G. lucidum by Nishitoba et al., 21) who determined the absolute configuration at C-23 as 23S, by converting 7 to a mono-p-dimethylaminobenzoate derivative and measuring its CD and UV spectra. 35) Herein, 7 was converted to 15,23-di-(R)-(ϩ)-MTPA ester (7a) and 15,23-di-(S)-(Ϫ)-MTPA ester (7b) using a modification of Mosher's method. The chemical shift difference between 7a and 7b was found to be the same as those observed in the respective derivatives of 1, 3 and 5 in the 1 H-NMR spectra (Fig. 3) . Consequently, the absolute configuration at C-23 of 7 was confirmed to be 23S.
The compounds isolated from the spores of G. lucidum were tested for their cytotoxicity against Meth-A and LLC tumor cell lines. The results (ED 50 values) are summarized in Table 3 . The ganoderic alcohols lucidumols A and B, ganodermanondiol, ganoderiol F, and ganodermanontriol showed cytotoxic effects on both tumor cells. Of these, lucidumol A exhibited the most potent cytotoxicity (ED 50 value, 2.3 mg/ml) against LLC tumor cells and ganodermanondiol (ED 50 , 3.4 mg/ml) against Meth-A cells. However, ganoderic acids, including ganoderic acids g-q isolated in the present experiment were inactive to both tumor cells.
Experimental
Melting points were measured on a Yanagimoto micro hot-stage melting point apparatus and are not corrected. Optical rotations were measured with a DIP-360 automatic polarimeter (JASCO). UV spectra were measured with a UV-2200 UV-VIS recording spectrophotometer (Shimadzu), and IR spectra were measured with a FT/IR-230 infrared spectrometer (JASCO). Plant Materials The spore of G. lucidum was provided by Linzhi General Institute Co., Ltd. (Tokyo). The voucher specimen is deposited in the authors' laboratory. Chemicals Lucidumols A and B, ganodermanondiol, ganoderiol F, ganodermanontriol, ganoderic acids A, B, C1, C6 and G, ganolucidic acid A, and lucidenic acid a were obtained from the spores of G. lucidum by a method described previously.
31)
Cells Meth-A cells (mouse sarcoma) and LLC (mouse lung carcinoma) were purchased from RIKEN Cell Line Bank (Tsukuba, Japan). The cells were maintained as monolayer cultures in RPMI 1640 medium supplemented with 10% fetal bovine serum, sodium bicarbonate, penicillin G and streptomycin.
Isolation Procedure The spores of G. lucidum KARST (250 g) were extracted with MeOH (1.5 lϫ3) by refluxing for 3 h to give 35.7 g of a solid extract. The MeOH extract (30 g) was suspended in 90% MeOH (300 ml) and extracted with hexane (150 mlϫ2). The resulting MeOH solution was concentrated in vacuo and suspended in H 2 O (300 ml). The suspension was extracted with CHCl 3 (150 mlϫ2) to give a CHCl 3 -soluble fraction (23.2 g ). The fraction (20 g) was chromatographed on a column of silica gel. Elution was started with hexane-acetone (3 : 2, 1 : 1 and 2 : 3) and then (R)-(؉)-MTPA Ester of 1(1a) (R)-(ϩ)-MTPA chloride (15 mg, 59 mmol) in pyridine (0.2 ml) was added to a solution of 1 (2.0 mg, 3.9 mmol) in CCl 4 (0.2 ml). After stirring at room temperature for 6 h, the mixture was poured into water (10 ml), and extracted with CHCl 3 (10 mlϫ 2). The CHCl 3 extract was concentrated in vacuo and purified by preparative thin layer chromatography (TLC) [hexane-acetone (1 : 1)] to give a 15,23-di-(R)-(ϩ)-MTPA ester (1a, 1.5 mg) as a colorless oil. 1 Tables 1 and 2 
